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Besides complexes of the respiratory chain, mitochondrial dehy-
drogenases that play a key role in the metabolism are able to generate
reactive oxygen species (ROS). α-Ketoglutarate dehydrogenase (α-
KGDH), a Krebs cycle enzyme appears to be critical both in the
bioenergetic competence and in the oxidative damage of mitochondria.
α-KGDH can generate ROS, attributed to the E3 subunit of the enzyme,
which could be a major mechanism of oxidative stress associated with
ischemia/reperfusion, neurodegenerative diseases or aging. There are
mutations in the gene encoding the human E3 subunit resulting in the
inheritedmetabolic disease called E3-deﬁciency. 12mutations of the E3
subunit have been expressed, puriﬁed to homogeneity and investigated
in our laboratory. The enzyme activity was reduced to varying extents
due to themutations and in four disease-causingmutants a signiﬁcantly
enhanced ROS generationwas detected. Thesemutations also increased
the sensitivity of the ROS-generating activity of the E3 subunit to an
acidic shift in the pH. The excessive ROS generation of selected mutants
could be an important factor in the pathology and clinical presentation
of human E3 deﬁciency.
Another dehydrogenase having a signiﬁcant ROS-forming ability is
α-glycerophosphate dehydrogenase (α-GPDH), which is located in
the outer surface of the inner membrane and participates in the
transfer of reducing equivalents from the cytosol to the mitochondria.
α-GPDH is stimulated by Ca2+ and in the presence of high Ca2+
concentration we have found an excessive ROS generation by the
enzyme. Stimulation of ROS generation on α-GPDH by high Ca2+ load
does not involve Ca2+ entry into the matrix and could be observed in
highly polarized as well as in bioenergetically incompetent mito-
chondria, suggesting that this could have a signiﬁcant contribution to
the overall damage caused by an excess Ca2+ load in cells.
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Individual sites of superoxide production in the mitochondrial
respiratory chain have been partially characterized previously using
speciﬁc inhibitors, but the native contribution of each site to total H2O2
production during normal electron ﬂow is unknown. We estimated
the rates of superoxide production (measured as H2O2) at different
sites in rat skeletal muscle mitochondria using endogenous reporters
and inhibitors. Superoxide production by the ﬂavin site of complex
I (site IF) was calibrated to the reduction state of endogenous
NAD(P)H. Superoxide production by the quinol oxidation site in
complex III (site IIIQo) was calibrated to the reduction state of
endogenous cytochrome b566. The levels of the endogenous reporters
and the sensitivity of H2O2 production to particular inhibitors were
then measured in different native conditions. We used the calibrated
reporters to calculate the rates of superoxide production from sites IF
and IIIQo, and sensitivity to speciﬁc inhibitors of the site of quinone
reduction in complex I (site IQ) and the site of superoxide or H2O2
production in complex II (site IIF) to assess the contributions of these
sites. Contributions of other sites were inferred by difference. In all
cases, the sum of the estimated rates from each site accounted for
most of the measured overall rates. In mitochondria oxidizing malate
or glutamate plus malate and synthesizing ATP, rates of H2O2 pro-
duction were low and dominated by sites IF and IIIQo. Under non-
phosphorylating conditions, rates were higher and were from sites
IF, and IIIQo and less well-resolved sites (probably IQ and/or 2-
oxoglutarate dehydrogenase). In non-phosphorylating mitochondria
oxidizing palmitoyl carnitine plus carnitine, sites IIIQo, IIF and IF were
the major producers, with perhaps a contribution from the electron
transferring ﬂavoprotein (ETF) system. In non-phosphorylating mito-
chondria oxidizing glycerol-3-phosphate, site IQ was dominant, with
contributions by glycerol-3-phosphate dehydrogenase and IIF and
minor contributions by IIIQo and IF. Thus, the sites of superoxide
production by the respiratory chain differ greatly depending on the
substrates present and the respiratory state. To clarify which sites
may be most active in vivo, we are assessing the native sites and rates
of superoxide and H2O2 production in mitochondria oxidizing phys-
iological mixes of substrates corresponding to the intracellular con-
centrations in skeletal muscle at rest and during exercise.
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